Abstract
Introduction

34
The sense of hearing and balance is critically dependent on the sensory hair cells of the inner ear. Hair cells 
62
Interestingly, in the maculae, the transcription factor Emx2 has been shown to reverse hair bundle polarity in its 
84
Par3 is asymmetrically localized in the developing OC
86
To investigate the involvement of Par3 in hair cell PCP, we first analyzed Par3 protein localization in the OC at 87 early stages of hair bundle morphogenesis. At embryonic day (E) 16.5 Par3 is localized to apical junctions of 88 hair cells and supporting cells and significantly enriched along the lateral borders of hair cells ( Figure 1A, B) .
89
By postnatal day (P) 0, when hair cell PCP has been established, Par3 could still be detected around cell 90 junctions, however its distribution no longer showed planar asymmetry ( Figure 1E, F 
96
Cellular patterning and PCP defects in Par3 cKO cochleae
97
We next analyzed cochlear morphogenesis of Par3 cKO mutants, which were alive at birth but died at P1. The Figure 3G, I ). In contrast, many
16
Par3 cKO hair cells have mis-positioned centrioles that correlated with hair bundle misorientation ( Figure 3H ).
17
Moreover, alignment of the two centrioles along the mediolateral axis was also disrupted ( Figure 3J -M,
18
arrows). Together, the kinocilium/basal body positioning and hair bundle orientation defects demonstrate a 19 requirement of Par3 in both cell-intrinsic and tissue-level PCP establishment in the OC.
21
The epithelial organization of the OC was further examined at E17.5 in whole-mount preparations. Localization 
31
We also examined hair cell planar polarity in the utricular macula. The kincocilium location was inferred by the 
34
Therefore, we conclude that Par3 is not required for PCP establishment in the utricular macula.
36
Par3 has separate functions from Par6 and aPKC during PCP establishment
37
The Par3-Par6-aPKC complex plays an evolutionarily conserved role in regulation of cell polarity in different 
55
during PCP establishment, we examined LGN localization in Par3 cKO cochleae at E17.5 and P0. In the control,
56
LGN was localized asymmetrically in the hair cell, both in the microvilli-free zone (bare zone) of the apical . Surprisingly, we found that Par3 is dispensable for asymmetric cortical localization of
43
LGN and Gi, in contrast to its classic role in mitotic spindle orientation. 
78
In the cochlea, Dishevelled-associating protein with a high frequency of leucine residues (Daple) was recently 
92
Materials and Methods
93
Mice
94
To generate the Par3 conditional allele (designated Par3 flox ), we procured the B6NTac;B6N- 
01
Animal care and use was performed in compliance with NIH guidelines and the Animal Care and Use
02
Committee at the University of Virginia. Mice were obtained from either the Jackson Laboratory or the 13 referenced sources and maintained on a mixed genetic background. For timed pregnancies, the morning of the 04 plug was designated as embryonic day 0.5 (E0.5), and the day of birth postnatal day 0 (P0 
27
Quantification of hair cell phenotypes and statistical analysis
28
Cochlear length was determined from whole-mount phalloidin-stained images using ImageJ software (NIH).
29
For quantification of hair bundle orientation, the angle formed by the intersection of a line drawn through the 30 axis of symmetry of the hair bundle and one parallel to the mediolateral axis of the OC (assigned as 0°) was 31 measured using ImageJ. Clockwise deviations from 0° were assigned positive values and counterclockwise 32 negative values. Hair cell differentiation follows a gradient from the base to apex along the cochlear duct.
33
Therefore, for analysis of protein localizations, care was taken to ensure that an equivalent mid-basal region of 34 the cochlea was compared between experimental groups. Experimental data sets were tested for significance 35 using a Student's t-test, and data are presented as mean ± standard deviation of the mean. for 15 min in ice and physical trituration using a pellet pestle, the extracts were centrifuged at 13,000 rpm for 43 10 min. The supernatant was boiled for 10 min in Laemmli sample buffer, analyzed by SDS-PAGE using Mini- 
51
Antibodies against the following proteins were used: anti-Pak1 (1:1000, Thermo Fisher #71-9300), anti- 
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Hendricks, Adam G., Lazarus, Jacob E., Perlson, E., Gardner, Melissa K., Odde, David J., Goldman, Yale E., was similar to that of Par6 at P0. In controls (M, N), aPKC (green) was localized to the medial side of the 57 hair bundle, and asymmetrically enriched at hair cell-supporting cell contacts. In Par3 cKO OC (O, P), aPKC 58 staining was decreased in hair cells and misoriented at hair cell-supporting cell contacts. Cell boundaries 59
were labeled by phalloidin staining (red). All images were taken from the mid-basal region of the cochlea.
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Arrowheads indicate the pillar cell row and brackets indicate outer hair cell rows. Scale bars: 6 μm. 
